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(57) ABSTRACT 

A correlated double sampling (CDS) ampli?er for an image 
sensing device includes a plurality of capacitors and a switch 
ing network coupled to the plurality of capacitors and to a 
pixel of the image sensing device. The switching network is 
con?gured to couple the capacitors in parallel as an initial 
CDS difference voltage is generated, and then is con?gured to 
couple the capacitors in series for generating a ?nal CDS 
difference voltage that is a multiple of the initial CDS differ 
ence voltage. 

17 Claims, 7 Drawing Sheets 
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FIG. 2 (PRIOR ART) 
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FIG. 3 (PRIOR ART) 
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FIG. 4 

433 



US. Patent Feb. 17, 2009 Sheet 5 on US 7,492,401 B2 

FIG. 5 
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CORRELATED-DOUBLE-SAMPLING (CDS) 
WITH AMPLIFICATION IN IMAGE SENSING 

DEVICE 

BACKGROUND OF THE INVENTION 

This application claims priority to Korean Patent Applica 
tion No. 2004-6981, ?led on Feb. 3, 2004, in the Korean 
Intellectual Property O?ice, the disclosure of Which is incor 
porated herein in its entirety by reference. 

1. Field of the Invention 
The present invention relates generally to image sensors, 

and more particularly to a correlated double sampling (CDS) 
ampli?er for a complementary metal oxide semiconductor 
(CMOS) image sensor for improving signal to noise (S/N) 
ratio. 

2. Description of the Related Art 
A complementary metal oxide semiconductor (CMOS) 

image sensor (CIS) has a number of advantages over a charge 
coupled device (CCD), including loW driving voltage, loW 
poWer consumption, fabrication from a standard CMOS pro 
cess, and high integration. Therefore, the CIS is likely to 
replace the CCD in the future. 

HoWever, unlike the CCD, the CIS requires a high-resolu 
tion analog-to-digital converter (ADC) for converting an ana 
log signal received from an active pixel sensor (APS) to a 
digital signal. 

Conversion of an analog signal to a digital signal is carried 
out using a single ADC or column ADCs. In the case of the 
former, analog signals received from APSs of all columns are 
converted Within a predetermined time to digital signals by a 
single ADC driven at high speed. Therefore, the chip area of 
the ADC is minimiZed. HoWever, since the ADC is driven at 
high speed, poWer consumption of the CIS disadvantageously 
increases. On the other hand, in the case of the latter, simple 
structural ADCs are arranged in a column-Wise fashion and 
consume less poWer but have increased chip area. 

For high performance, the signal to noise ratio (S/N ratio) 
of the CIS is desired to be maximiZed. In this respect, almost 
all CISs use a correlated double sampling (CDS) method. In 
the CDS method, a reset voltage and a signal voltage are 
generated from a pixel of the APS array, and a difference 
betWeen the reset voltage and the signal voltage indicates the 
intensity of light sensed by the pixel. With such a CDS 
method, the CIS removes ?xed pattern noise or loW frequency 
noise, thereby improving the S/N ratio. Here, the “reset volt 
age” indicates a voltage generated by the APS during reset 
sampling and the “signal voltage” indicates a voltage gener 
ated by the APS during signal sampling. 

The ADC converting an analog signal from the CDS 
method to a digital signal also determines the S/N ratio of the 
CIS. For example, a range of the analog signal converted by 
the ADC is desired to be higher for enhanced S/N ratio of the 
CIS. 

SUMMARY OF THE INVENTION 

Accordingly, an image sensing device includes a pixel for 
generating a reset voltage and an image signal voltage. In 
addition, a correlated double sampling (CDS) ampli?er gen 
erates an initial CDS difference voltage as a difference 
betWeen the reset voltage and the image signal voltage, and 
further generates a ?nal CDS difference voltage that is a 
multiple of the initial CDS difference voltage. An analog-to 
digital converter converts the ?nal CDS difference voltage 
that is an analog signal into a digital signal. 
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2 
In an example embodiment of the present invention, the 

CDS ampli?er includes a plurality of capacitors and a sWitch 
ing netWork coupled to the plurality of capacitors and to the 
pixel. Furthermore, a controller of the image sensing device 
con?gures the sWitching netWork to couple the capacitors in 
parallel as the initial CDS difference voltage is generated, and 
then to couple the capacitors in series for generating the ?nal 
CDS difference voltage. 

In one embodiment of the present invention, the ?nal CDS 
difference voltage is N times the initial CDS difference volt 
age, With N being an integer. In that case, the plurality of 
capacitors includes a ?rst set of N capacitors coupled to a 
ramp signal generator and to the pixel, and includes a second 
set of N capacitors coupled to the pixel and an output node 
that generates an input voltage for the analog-to-digital con 
verter. In addition, the sWitching netWork includes a pixel 
sampling sWitch coupled betWeen the pixel and each of the 
?rst and second set of N capacitors. 

In a further embodiment of the present invention, the ramp 
signal generator generates an initial ramp voltage before the 
?nal CDS difference voltage is generated. In that case, the 
analog-to-digital converter includes a comparator that com 
pares the input voltage at the output node to the initial ramp 
voltage. 

Also in that case, the controller controls the sWitching 
network to couple the N capacitors of the ?rst set in parallel 
and to couple the N capacitors of the second set in parallel for 
generating the input voltage that is the initial CDS difference 
voltage offset from the initial ramp voltage, during a signal 
sampling period. Additionally, the controller controls the 
sWitching netWork to couple the N capacitors of the ?rst set in 
series and to couple the N capacitors of the second set in series 
for generating the input voltage that is the ?nal CDS differ 
ence voltage offset from the initial ramp voltage, after the 
signal sampling period. 
The present invention may be used to particular advantage 

When the image sensing device is of a CIS (CMOS image 
sensor) type. HoWever, the present invention may also be used 
for correlated double sampling With ampli?cation in any 
other type of image sensing devices. 

In this manner, the correlated double sampling is per 
formed With ampli?cation for the resulting ?nal CDS differ 
ence voltage. When such a ?nal CDS difference voltage is 
input to the analog to digital converter, S/N ratio is improved 
for the analog to digital conversion of the ?nal CDS differ 
ence voltage that has been ampli?ed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above and other features and advantages of the present 
invention Will become more apparent When described in 
detailed exemplary embodiments thereof With reference to 
the attached draWings in Which: 

FIG. 1 illustrates a unit block of a typical complementary 
metal oxide semiconductor (CMOS) image sensor converting 
a single pixel signal to a digital signal, according to the prior 
art; 

FIG. 2 is an operation timing chart of the unit block of the 
CMOS image sensor of FIG. 1, according to the prior art; 

FIG. 3 illustrates a unit block of a typical CMOS image 
sensor including a pre-ampli?er, according to the prior art; 

FIG. 4 is a partial vieW that illustrates a unit block of a 
CMOS image sensor including a correlated double sampling 
(CDS) ampli?er, according to an embodiment of the present 
invention; 
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FIG. 5 is an operation timing chart of the unit block of the 
CMOS image sensor of FIG. 4, according to an embodiment 
of the present invention; 

FIG. 6 shoWs a CDS ampli?er for amplifying a CDS dif 
ference voltage by a general factor of N, according to an 
embodiment of the present invention; and 

FIG. 7 shoWs a block diagram of an image sensing device 
including the components of FIG. 4, according to an embodi 
ment of the present invention. 

The ?gures referred to herein are draWn for clarity of 
illustration and are not necessarily draWn to scale. Elements 
having the same reference number in FIGS. 1, 2, 3, 4, 5, 6, and 
7 refer to elements having similar structure and/or function. 

DETAILED DESCRIPTION OF THE INVENTION 

FIG. 1 illustrates a unit block 100 of a typical complemen 
tary metal oxide semiconductor (CMOS) image sensor. 
Referring to FIG. 1, the unit block 100 of the CMOS image 
sensor uses a column analog-to-digital converter (ADC) tech 
nique and includes a unit active pixel sensor (APS) pixel 110, 
a ramp signal generator 120, and an analog to digital con 
verter (ADC) 130. 
As is Well knoWn in the pertinent art, the unitAPS pixel 110 

includes a photodiode PD, multiple transistors Tx, Rx, Dx, 
and Sx, and a current source IN. The photodiode PD accu 
mulates charge carriers in response to light received from the 
outside. A transmission transistor Tx transmits the accumu 
lated charge carriers from the photodiode PD to the gate of a 
source-follower transistor Dx. 
A reset transistor Rx transmits a reset voltage (VDD) to the 

gate of the source-follower transistor Dx, a selection transis 
tor Sx transmits a voltage generated from the source-follower 
transistor Dx to a node 112, and the current source IN acts as 
a biased load at the node 112. A pixel voltage signal VAPS is 
generated on the node 112. 

The ramp signal generator 120 generates an analog ramp 
voltage, Vmmp. The ADC 130 includes a comparator 133, an 
inverter 134, multiple sWitches S1, S2, and S3, and multiple 
capacitors C0, C1, and C2. The ADC 130 receives the pixel 
voltage signal V A PS from the APS pixel 110 Which includes a 
reset voltage Vm and an image signal voltage VSZ.g to performs 
correlated double sampling (CDS) from such voltages, and 
generates a digital signal Dom from comparison to a reference 
voltage Vref. In this regard, the ADC 130 serves as both a 
correlated double sampler and an analog-to-digital converter. 

FIG. 2 is an operation timing chart of the unit block of the 
CMOS image sensor of FIG. 1. Referring to FIGS. 1 and 2, 
the unitAPS pixel 110 generates the reset voltageV prior to 
a reset sampling period TRS. 

During the reset sampling period T R S in Which reset sam 
pling is performed, the sWitches S1, S2, and S3 are tumed-on. 
Therefore, an output voltage of the comparator 133, i.e., the 
reference voltage Vref, is applied to a node 132, and a charge 
corresponding to a difference betWeen the reset voltage Vm 
and an input voltage Vin at the node 132 is stored in the 
capacitor C0. 

During the period before a signal sampling period T SS, the 
pixel voltage signal V A PS is reduced by an image signal volt 
age VSZ-g from the reset voltage Vm. The image signal voltage 
VSZ.g is proportional to the intensity of light received at the 
photodiode PD. Such a difference betWeen the reset voltage 
Vm and an image signal voltage VSZ.g is a CDS (correlated 
double sampling) difference voltage, (V res-V518). 

During the signal sampling period T SS in Which signal 
sampling is performed, the input voltage Vin at the node 132 
is the CDS difference voltage offset from the reference volt 
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4 
age Vref. Thereafter, the comparator 133 compares the voltage 
Vin of a ?rst input terminal and the voltage Vref of a second 
input terminal and outputs a logic “loW” or “high” signal 
corresponding to the comparison result. 
From the time t R S after the CDS is completed, the voltage 

Vin of the node 132 increases in parallel to a ramp voltage 
Vmmp output from the ramp signal generator 120. When the 
voltage Vin of the node 132 is greater than the reference 
voltage Vref, the output voltage of the comparator 132 is a 
logic “high”, and When the voltage Vin of the node 132 is less 
than the reference voltage Vref, the output voltage of the 
comparator 132 is a logic “loW”. 

With the voltage Vin of the node 132 ramping up, if the 
output voltage Dom of the ADC 130 is sampled With time, the 
logic high or loW levels from such sampling generates the 
digital signal from the ADC 130. Note that the larger the 
image signal voltageVSig, the longerVin remains less thanVref 
for a higher number of logic loW bits in the digital signal. 
By using the CDS difference voltage, (V,eS—VSl-g), the unit 

block 100 of the CMOS image sensor removes noise that is 
common in the reset voltage Vm and the image signal voltage 
Vsig, thereby improving the S/N ratio of the CMOS image 
sensor. The unit block 100 of the CMOS image sensor has 
other advantages such as simple construction and loW poWer 
consumption. HoWever, as the siZe of the unit APS pixel 110 
decreases, the range of the CDS difference voltage (V m 
Vsig) decreases, Which Worsens the S/N ratio of the ADC 130. 

That is, When the ADC 130 is an N-bit ADC, as the CDS 
difference voltage (V,eS—VSl-g) applied as the input voltageVl-n 
at the node 132 decreases, an incremental voltage step of 
(V res-V518) divided by 2N decreases. Therefore, the ADC 130 
is more susceptible to external noise, Which makes it dif?cult 
to accomplish a high resolution. 

FIG. 3 illustrates a unit block of a typical CMOS image 
sensor including a pre-ampli?er 320. The unit block of the 
CMOS image sensor of FIG. 3 has been made in vieW of the 
problems of the unit block 100 of the CMOS image sensor of 
FIG. 1. Referring to FIGS. 1 and 3, the unit block of the 
CMOS image sensor of FIG. 3 further includes a pre-ampli 
?er 320 for amplifying the pixel voltage signal V A PS from the 
unit APS pixel 110. 
The pre-ampli?er 320 ampli?es the pixel voltage signal 

V A P 5 resulting in ampli?cation of the CDS difference voltage, 
(V res-V518) applied as the input signal Vin of the comparator 
133. Therefore, the unit block of the CMOS image sensor of 
FIG. 3 has higher signal conversion resolution. HoWever, the 
area and poWer consumption of the unit block of the CMOS 
image sensor of FIG. 3 are increased from presence of the 
pre-ampli?er 320. 

The present invention has been made in vieW of these 
problems of the unit blocks of the CMOS image sensors of 
FIGS. 1 and 3. FIG. 4 illustrates a unit block of a CMOS 
image sensor including a CDS (correlated double sampling) 
ampli?er 410 according to an embodiment of the present 
invention. Referring to FIG. 4, the unit block of the CMOS 
image sensor includes a ramp signal generator 120, the CDS 
ampli?er 410, and an ADC (analog to digital converter) 430. 

FIG. 7 shoWs a block diagram of an image sensing device 
400 including such elements 120, 410, and 430 of FIG. 4. The 
image sensing device 400 further includes an APS pixel 110 
similar to such a pixel 110 of FIG. 1 that generates the pixel 
voltage signal V A PS. The pixel voltage signal V A PS is applied 
on the CDS ampli?er 410. The CDS ampli?er 410 has an 
output node 417 for generating a ?nal CDS difference voltage 
applied as an input voltage Vin of the ADC 430. In addition, 
the image sensing device 400 includes a controller 450 for 
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generating switching control signals that control turning on or 
off of each sWitch Within the CDS ampli?er 410. 

The ramp signal generator 120 generates a ramp signal 
Vmmp that is applied on a node 413 ofthe CDS ampli?er 410. 
The CDS ampli?er 410 includes a plurality of capacitors C 1 1, 
C12, C01, and CO2, and a plurality of sWitches S1, SW1, and 
SW2 that form a sWitching netWork. The capacitors Cl 1 and 
C12 form a ?rst set of capacitors coupled betWeen the ramp 
signal generator 120 and the APS pixel 110 via a pixel sam 
pling sWitch S1. The capacitors CO1 and CO2 form a second set 
of capacitors coupled betWeen the ADC 430 and the APS 
pixel 110 via the pixel sampling sWitch S1. 

SWitches SW1 are coupled among the ?rst set of capacitors 
C l l and C l 2 such that such capacitors C l l and C12 are coupled 
in parallel When such sWitches SW1 are closed. Similarly, 
sWitches SW1 are coupled among the second set of capacitors 
CO1 and CO2 such that such capacitors CO1 and CO2 are coupled 
in parallel When such sWitches SW1 are closed. 

In contrast, a sWitch SW2 is coupled among the ?rst set of 
capacitors C 1 1 and C 1 2 such that such capacitors C 1 1 and C 1 2 
are coupled in series When such a sWitch SW2 is closed. 
Similarly, a sWitch SW2 is coupled among the second set of 
capacitors CO1 and CO2 such that such capacitors CO1 and CO2 
are coupled in series When such a sWitch SW2 is closed. 

The ADC 430 includes a comparator 431, an inverter 433, 
a capacitor 432, and tWo sWitches S2 and S3. The comparator 
431 receives a voltage output from the output node 417 of the 
CDS ampli?er 410 and a reference voltage Vmmpo, compares 
the tWo voltages, and outputs the comparison result to the 
capacitor 432. The inverter 433 inverts an output signal of the 
comparator 431 received through the capacitor 432 and out 
puts the result. Here, an output Dom of the inverter 433 is logic 
“high” or “loW”. 

FIG. 5 is an operation timing chart of the unit block of the 
CMOS image sensor of FIG. 4. The operation of the CMOS 
image sensor of FIG. 4 Will noW be described With reference 
to FIG. 5. 

During a reset sampling period T R S in Which reset sampling 
is performed, the sWitches S1, S2, S3, and SWl are tumed-on 
and the sWitches SW2 are tumed-off. Referring to FIGS. 4, 5 
and 7, the controller 450 of FIG. 7 generates the sWitch 
control signals S1, S2, S3, SW1, and SW2 of FIG. 5 for con 
trolling the on or off con?guration of each of the sWitches S1, 
S2, S3, SW1, and SW2 of FIG. 4. 
At this time, since the capacitors CO1 and CO2 are connected 

in parallel, a charge corresponding to a difference (V mmPO 
Vm) betWeen the reference voltage Vmmpo and a reset voltage 
Vm is stored in each of the capacitors CO1 and CO2. Here, the 
reference voltage Vmmpo is correlated With the output voltage 
Vmmp of the ramp signal generator 120 and indicates an initial 
ramp voltage Vmmpo of the ramp signal generator 120. 

During a signal sampling period T SS in Which signal sam 
pling is performed, the sWitches S 1 and SWl are tumed-on 
and the sWitches S2, S3, and SW2 are tumed-off. At this time, 
since the capacitors Cl 1 and C12 are connected in parallel, a 
charge corresponding to a difference (VSl-g—VmmpO) betWeen 
a signal voltage VSZ.g and the reference voltage VmmpO is stored 
in each of the capacitors C11 and C12. 

The voltage Vin generated at the node 417 during signal 
sampling includes an initial CDS difference voltage (V 
VSl-g) as shoWn in Equation 1 beloW: 

res 

Vin: I/rampO+(Vsig_ VrampO)+(VrampO_ Vres):VrampO_ 
(Vm- VSZ-g) (1) 

After the signal sampling, the sWitches S 1 and SW 1 are 
turned-off and the sWitches SW2 are turned-on. Therefore, the 
capacitors C11, C12, C01, and CO2 are serially connected. At 
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6 
this time, the voltage Vin generated at the node 417 includes a 
?nal CDS difference voltage 2(V res-V518) as shoWn in Equa 
tion 2 beloW: 

Vin : Vrampo+2( Vsig_ Vrampo)+2 ( VrampO_ Vres): VrampO_2 
m Sig) (2) 

Referring to Equations 1 and 2, the ?nal CDS difference 
voltage 2(V res-V518) that indicates the intensity of light 
received at the APS pixel 110 and that is converted by the 
ADC 430 is ampli?ed by a factor of 2 from the initial CDS 
difference voltage (V,eS—VSl-g). Thus, the CDS ampli?er 410 
advantageously leads to higher signal conversion resolution. 
Furthermore, With the CDS ampli?er 410, a pre-ampli?er for 
amplifying the pixel voltage signal V A PS is not used such that 
the image sensing device 400 has smaller layout area and 
loWer poWer consumption. 

FIG. 6 shoWs a CDS ampli?er 410 for amplifying a CDS 
difference voltage by a general factor of N, according to 
another embodiment of the present invention. In that case, the 
?rst set ofcapacitors Cl 1, C12, C13, . . . , and ClNis comprised 

of N capacitors, and the second set of capacitors C01, C02, 
C03, . . . , and CO” is comprised ofN capacitors. 

The sWitches SWl are closed (With the sWitches SW2 
being open) to connect the ?rst set of capacitors C11, C12, 
C13, . . . , and ClNin parallel and to connect the second set of 

capacitors C01, C02, C03, . . . , and CO” in parallel, during the 
signal sampling. In addition, the sWitches SW2 are closed 
(With the sWitches SW1 being open) to then connect the ?rst 
set ofcapacitors C11, C12, C13, . . . , and ClNin series and to 
connect the second set of capacitors C01, C02, C03, . . . , and 

CO” in series, after the signal sampling. 
Therefore, the voltage Vin generated at the node 417 after 

the signal sampling is expressed as folloWs in Equation 3: 

ramp szg ampO_ Vres): VrampO_ 

In this manner, the CDS ampli?er 410 performs correlated 
doubling sampling along With ampli?cation of such corre 
lated doubling sampling. When the ?nal CDS difference volt 
age N(V res-V518) is input to the ADC 430, S/N ratio is 
improved in the analog to digital conversion of the ?nal CDS 
difference voltage N(V res-V518) that has been ampli?ed 
N-fold. Therefore, CDS ampli?er 410 leads to higher signal 
conversion resolution for the image voltage signal With a 
small layout area and loW poWer consumption of the image 
sensing device 400. 
While the present invention has been particularly shoWn 

and described With reference to exemplary embodiments 
thereof, it Will be understood by those of ordinary skill in the 
art that various changes in form and details may be made 
therein Without departing from the spirit and scope of the 
present invention as de?ned by the folloWing claims. 

Thus, the foregoing is by Way of example only and is not 
intended to be limiting. For example, any numbers of ele 
ments or circuit topology illustrated and described herein are 
by Way of example only. In addition, the present invention has 
been described for the image sensing device of a CIS (CMOS 
image sensor) type. HoWever, the present invention may also 
be used for correlated double sampling With ampli?cation in 
any other type of image sensing devices. The present inven 
tion is limited only as de?ned in the folloWing claims and 
equivalents thereof. 
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What is claimed is: 
1. A correlated double sampling (CDS) ampli?er, compris 

ing: 
a plurality of capacitors; and 
a switching network coupled to the plurality of capacitors 

and to a pixel of an image sensing device; 
wherein the switching network is con?gured to couple the 

capacitors in parallel as an initial CDS difference volt 
age is generated, and then is con?gured to couple the 
capacitors in series for generating a ?nal CDS difference 
voltage that is a multiple of the initial CDS difference 
voltage, 

and wherein the initial and ?nal CDS difference voltages 
are determined for a signal sampling from said one pixel 
of the image sensing device, 

and wherein the initial CDS difference voltage is a differ 
ence between a reset voltage and an image signal voltage 
for the pixel. 

2. The CDS ampli?er of claim 1, wherein the ?nal CDS 
difference voltage is N times the initial CDS difference volt 
age, with N being an integer. 

3. The CDS ampli?er of claim 2, wherein the plurality of 
capacitors includes: 

a ?rst set of N capacitors coupled to a ramp signal generator 
and to the pixel; and 

a second set of N capacitors coupled to the pixel and an 
output node that generates an input voltage to an analog 
to-digital converter; 

and wherein the switching network includes: 
a pixel sampling switch coupled between the pixel and 

each of the ?rst and second set of N capacitors. 
4. The CDS ampli?er of claim 3, wherein the ramp signal 

generator generates an initial ramp voltage until the ?nal CDS 
difference voltage is generated. 

5. The CDS ampli?er of claim 4, wherein a controller 
controls the switching network to couple the N capacitors of 
the ?rst set in parallel and to couple the N capacitors of the 
second set in parallel for generating at the output node the 
initial CDS difference voltage offset from the initial ramp 
voltage, during a signal sampling period. 

6. The CDS ampli?er of claim 5, wherein the controller 
controls the switching network to couple the N capacitors of 
the ?rst set in series and to couple the N capacitors of the 
second set in series for generating at the output node the ?nal 
CDS difference voltage offset from the initial ramp voltage, 
after the signal sampling period. 

7. The CDS ampli?er of claim 1, wherein the image sens 
ing device is of a CMOS image sensor (CIS) type. 

8. An image sensing device, comprising: 
a pixel for generating a reset voltage and an image signal 

voltage; 
a correlated double sampling (CDS) ampli?er for generat 

ing an initial CDS difference voltage from the reset 
voltage and the image signal voltage, and for generating 
a ?nal CDS difference voltage that is a multiple of the 
initial CDS difference voltage, 

and wherein the initial and ?nal CDS difference voltages 
are determined for a signal sampling from said one pixel 
of the image sensing device; and 

an analog-to-digital converter for converting the ?nal CDS 
difference voltage that is an analog signal into a digital 
signal, 

wherein the CDS ampli?er includes: 
a plurality of capacitors; and 
a switching network coupled to the plurality of capacitors 

and to the pixel; 
and wherein the image sensing device further includes: 

8 
a controller for con?guring the switching network to 

couple the capacitors in parallel as the initial CDS dif 
ference voltage is generated, and then to couple the 
capacitors in series for generating the ?nal CDS differ 

5 ence voltage. 
9. The image sensing device of claim 8, wherein the ?nal 

CDS difference voltage is N times the initial CDS difference 
voltage, with N being an integer. 

10. The image sensing device of claim 9, wherein the 
10 plurality of capacitors includes: 

a ?rst set of N capacitors coupled to a ramp signal generator 
and to the pixel; and 

a second set of N capacitors coupled to the pixel and an 
output node that generates an input voltage for the ana 
log-to-digital converter; 

and wherein the switching network includes: 
a pixel sampling switch coupled between the pixel and 

each of the ?rst and second set of N capacitors. 
11. The image sensing device of claim 10, wherein the 

20 ramp signal generator generates an initial ramp voltage before 
the ?nal CDS difference voltage is generated, and wherein the 
analog-to-digital converter includes a comparator that com 
pares the input voltage at the output node to the initial ramp 
voltage. 

12. The image sensing device of claim 11, 
wherein the controller controls the switching network to 

couple the N capacitors of the ?rst set in parallel and to 
couple the N capacitors of the second set in parallel for 
generating the input voltage that is the initial CDS dif 
ference voltage offset from the initial ramp voltage, dur 
ing a signal sampling period; 

and wherein the controller controls the switching network 
to couple the N capacitors of the ?rst set in series and to 
couple the N capacitors of the second set in series for 
generating the input voltage that is the ?nal CDS differ 
ence voltage offset from the initial ramp voltage, after 
the signal sampling period. 

13. The image sensing device of claim 8, wherein the 
image sensing device is of a CMOS image sensor (CIS) type. 

14.A method for correlated double sampling (CDS) within 
an image sensing device, comprising: 

con?guring a switching network to couple respective 
capacitors within each of a plurality of sets in parallel as 
an initial CDS difference voltage is generated for a pixel; 
and 

con?guring the switching network to couple the respective 
capacitors within each of the sets in series for generating 
a ?nal CDS difference voltage that is a multiple of the 
initial CDS difference voltage, 

and wherein the initial and ?nal CDS difference voltages 
are determined for a signal sampling from said one pixel 
of the image sensing device, 

and wherein the initial CDS difference voltage is a differ 
ence between a reset voltage and an image signal voltage 
for the pixel. 

15. The method of claim 14, wherein the plurality of sets 
includes a ?rst set of N capacitors coupled to a ramp signal 
generator and to the pixel and includes a second set of N 
capacitors coupled to the pixel and an output node that gen 
erates an input voltage to an analog-to-digital converter, and 
wherein the switching network includes a pixel sampling 
switch coupled between the pixel and each of the ?rst and 
second set of N capacitors. 

16. The method of claim 15, wherein the ramp signal 
generator generates an initial ramp voltage until the ?nal CDS 
difference voltage is generated, and the method further com 
prising: 
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con?guring the switching network to couple the N capaci- of the second set in series for generating at the output 
tors of the ?rst set in parallel and to couple the N capaci- node the ?nal CDS difference Voltage offset from the 
tors of the second set in parallel for generating at the initial ramp Voltage, after the signal sampling period. 
output node the initial CDS difference Voltage offset 17. The method of claim 14, wherein the image sensing 
from the initial ramp Voltage, during a signal sampling 5 device is of a CMOS image sensor (CIS) type. 
period; and 

con?guring the switching network to couple the N capaci 
tors of the ?rst set in series and to couple the N capacitors * * * * * 


